Introduction
The short-term prognosis of renal transplant recipients (RTR) has improved significantly (1) . However, long-term outcome beyond one year after transplantation is disappointing, with success rates of only 50% at approximately 10 years after transplantation (2) . One of the reasons for poor outcomes in RTR is the high prevalence of obesity, predisposing patients to dyslipidemia, hypertension, and insulin resistance (3) (4) (5) .
However, in RTR, obesity (i.e. body mass index [BMI] ≥ 30 kg/m 2 ) is a risk factor for neither graft failure nor mortality (6, 7, 8) . It has been hypothesized that advances in immunosuppressive therapy, better control of obesity-related comorbidities and increasing experience in kidney transplantation underlie absence of increased risk associated with obesity (6) . However, it is important to realize that BMI is not only determined by fat mass, but also by other constituents, particularly muscle mass. Muscle mass could confound the association of BMI with long-term outcomes, because it has associations with long-term outcome opposite of those hypothesized for BMI. This is not only true for renal transplant recipients (9) , but also for other populations (10, 11) .
To our knowledge, it is unknown whether adjustment for muscle mass could uncover associations of BMI with graft failure and mortality, by making BMI a better indicator of fat mass in RTR. To this end, we investigated whether muscle mass, determined by 24 hr urinary creatinine excretion (UCE), confounds associations of BMI with graft failure and mortality in RTR. Because low muscle mass may be the consequence of low protein intake and because low protein intake has been associated with a high risk of graft failure and mortality in RTR (12), we also questioned whether protein intake might also confound associations of BMI with graft failure and mortality. Therefore, our secondary aim was to investigate the effect of urinary urea excretion, as a marker of protein intake, on the association of BMI with graft failure and mortality.
Patients and methods
Study design and population RTR were eligible for this study if they received a renal transplant for the first time between January 1993 and February 2008 in the University Medical Center Groningen in the Netherlands. Details of the cohort have been published previously (12, 13) . We made use of the regular patient care program for outpatients. For each visit, RTR are requested to collect a 24 hr urine sample in which several parameters are routinely assessed. Data of total cholesterol, serum creatinine and 24 hr urinary excretion of urea, creatinine and protein, assessed between 6 and 18 months, were extracted from our hospital laboratory system (12) . The median of these measurements was used for analyses. Patient characteristics were retrieved from medical records. BMI was defined as weight (kg) by height (m) squared. Delayed graft function (DGF) was defined as oliguria for more than 6 days after transplantation. The estimated glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease Epidemiology Collaboration equation (14) .
Shortly after transplantation, RTR are often not yet stable and infections and rejections play a major role. Therefore, data of the first 6 months after transplantation were discarded. Furthermore, we only included patients who survived with a functioning graft beyond 6 months after transplantation and beyond the period of baseline data collection. Finally, patients with missing data on baseline BMI were excluded (n = 33, 3.5%), leaving 916 patients eligible for analyses. The Institutional Review Board of the University Medical Center Groningen approved the study protocol, which adhered to the declaration of Helsinki. According to Dutch law, general consent for organ donation and transplantation includes consent for research projects.
Laboratory measurements
Nonfasting blood and urine samples were directly analyzed after collection. Measurements were performed on a Merck Mega Analyzer before March 2006 (Merck, Darmstadt, Germany). From March 2006 onward, measurements were performed on a Roche Modular (Roche Ltd., Mannheim, Germany).
Because there was no substantial difference in UCE and total cholesterol levels, these results were not converted. There was a substantial difference in serum creatinine and urinary protein; therefore, results were converted according to conversion equations provided by our laboratory (Supplementary Table S1 
Definitions and clinical end points
The primary endpoint of this study was all-cause mortality. The secondary endpoint was graft failure. Graft failure was defined as the need for dialysis or retransplantation. The effect of potential confounders on the associations of graft failure and mortality was assessed in multivariable Cox regression models. Adjustment for UCE was performed in these models to investigate a potential uncovering effect of UCE on associations of BMI with graft failure and mortality. The final multivariable-adjusted model included age, sex, UCE, diabetes, systolic blood pressure, use of antihypertensive drugs, cholesterol, use of lipid lowering drugs, smoking status, and eGFR. Because several subjects had missing values for one or more variables, multiple imputation was performed for missing data with five imputation cycles. Imputed data was used for Cox regression analyses only. The assumptions of proportionality of hazards and linearity were met.
As a secondary analysis, we tested whether adjustment for urinary urea excretion (UUE), as a marker of protein intake, uncovered associations of BMI with graft failure and mortality. Furthermore, to study whether the uncovering effect of UCE on outcomes was independent of UUE, UUE was added to the multivariable Cox regression models with UCE. As a further secondary analysis, Cox regression analyses were repeated with body weight rather than BMI. In addition, because a BMI lower than 18.5 kg/m 2 may be a sign of underlying chronic disease, which may increase the risk of mortality (16), Cox regression analyses were repeated after exclusion of RTR with a BMI less than 18.5 kg/m 2 . To investigate whether transplant era might have influenced our results, Cox regression analyses were repeated after exclusion of RTR who were transplanted before 2000. Statistical analyses were performed using SPSS (version 20.0, IBM Inc. Chicago, IL, USA) and STATA (version 11.0, StataCorp LP, College Station, Texas, USA). A P-value of less than 0.05 was considered statistically significant.
Results

Patient characteristics
A total of 916 RTR were included in the present study. Median age was 50 (interquartile range 39-59) years, 58% was male. Mean BMI was 26 ± 4 kg/m 2 , eGFR was 54 ± 18 mL per min per 1.73 m 2 and UCE was 12.3 ± 3.0 mmol/24h. Baseline characteristics are shown in Table 1 , for all RTR and according to categories of BMI. BMI was positively associated with age, the use of antihypertensive medication, cholesterol, UCE, UUE, and warm ischemia time. BMI was inversely associated with the eGFR. No associations were found of BMI with sex, diabetes, systolic blood pressure, use of lipid lowering drugs, urinary protein excretion, dialysis vintage, living donor, cold ischemia time, delayed graft function, acute rejection, use of proliferation inhibitors, calcineurin inhibitors, and the use of mTOR inhibitors.
UCE and graft failure
A total of 77 (8%) RTR experienced graft failure during 4.6 (2.5-7.9) years of followup. Hazard ratios are shown for the associations of BMI with graft failure in Table 2 . In a univariable analysis, BMI was not associated with graft failure. The association of BMI with graft failure remained nonsignificant after adjustment for age and sex, but became uncovered by further adjustment for UCE (Figure 1 ). This uncovering effect remained after further adjustment for systolic blood pressure, use of antihypertensive drugs, cholesterol, use of lipid lowering drugs, diabetes, smoking status, and eGFR.
UCE and all-cause mortality A total of 153 (17%) RTR died during 4.9 (2.7-8.4) years of follow-up. Hazard ratio's are shown in table 3. In a univariable Cox regression analysis, BMI tended to be positively associated with mortality. This trend disappeared after adjustment for age and sex, but became uncovered by adjustment for UCE (Figure 1 ). This uncovering effect remained after further adjustment for potential confounders. In a secondary analysis, we tested whether UUE, similar to UCE, uncovered the associations of BMI with graft failure and mortality. Indeed, there was an uncovering effect of UUE, albeit less pronounced than UCE (Table 3 , model 1 and 2). When the Cox regression analyses with UCE were additionally adjusted for UUE, the uncovering effect of UCE remained essentially similar (Table 3 , model 3 and model 4). In a further secondary analysis with body weight rather than BMI, we found that adjustment for UCE also uncovered the associations of body weight with graft failure and mortality (Table 4 ). In addition, results of Cox regression analyses remained essentially similar after exclusion of 14 RTR with a BMI lower than 18.5 kg/m 2 as secondary analyses and after exclusion of RTR who were transplanted before 2000. 
Discussion
In this prospective analysis of a large cohort of RTR, we found a nonsignificant association of BMI with graft failure and mortality in age-and sex-adjusted analyses, which became uncovered after adjustment for muscle mass, which was determined by UCE. Furthermore, we showed a similar uncovering effect of UCE on the association of body weight with graft failure and mortality. The uncovering effect of UCE appeared independent of other potential confounders. A high BMI (i.e. above 30 kg/m 2 ) has been associated with dyslipidemia, hypertension, and insulin resistance in the general population (3) (4) (5) . A high BMI was, therefore, suggested as a risk factor for poor outcomes in various chronic diseases. However, in patients with end-stage renal disease, studies consequently reported paradoxical inverse associations of BMI with mortality (17, 18) . Similar associations were found in patients with coronary heart disease (19) . In renal transplant recipients, both significant and nonsignificant associations of BMI with graft failure and mortality have been reported. A recent systematic review and meta-analysis by Nicoletto et al. concluded that BMI was not significantly associated with graft failure and mortality (6). Nicoletto et al. also observed that the direction of associations of BMI with graft failure and mortality was highly dependent on the transplant era (6). An inverse association was found if studies included RTR were transplanted before 2000. If RTR were transplanted after 2000, nonsignificant associations were found. Our findings are in line with the findings of Nicoletto et al. In the present study that mostly included RTR who were transplanted from 2000 and later, we also found no significant associations of BMI with graft failure and mortality. After exclusion of subjects who were transplanted before 2000, results were essentially similar.
To our knowledge, we are the first who reported an uncovering effect by UCE on associations of BMI with graft failure and mortality. Somewhat analogous to our findings, Kovesdy et al. have found that a nonsignificant association of BMI with mortality became protective after adjustment for waist circumference in RTR (20) . It was postulated that this uncovering effect could be explained by the beneficial effects of high muscle mass for which BMI became a better measure after adjustment for waist circumference as a measure of body fat distribution (20) . Again analogous to our result, Beddhu et al. investigated patients with end-stage renal disease (ESRD) and reported that the protective effect of a high BMI, as commonly observed in patients with ESRD, was absent in patients with low muscle mass (21) .
To date, there was no explanation for the lack of associations of BMI with graft failure and mortality in RTR. It has been suggested that advances in therapeutic regimens in RTR have led to better control of obesity-related comorbidities (6) . We speculate that because both high muscle and fat mass contribute to BMI, with opposite associations with outcome (9, 20, 22) , BMI alone is an imperfect estimate of adiposity. It may be possible that BMI becomes a better measure for adiposity after adjusting for UCE as a marker of muscle mass. Another finding of the present study was that UUE uncovered the associations of BMI with outcomes, which was slightly less pronounced than the uncovering effect of UCE. Hence, we conclude that protein intake may also be an important confounder in the associations of BMI with outcomes, but not as strong as muscle mass.
A limitation of this study is that UCE was measured in 24 hr collections of urine, as 24 hr urine collection is prone to collection errors. However, UCE was measured multiple times over a 6-month period in RTR, which reduces the possibility of collection or measurement errors. Other methods to investigate muscle mass include computerized tomography (CT), magnetic resonance imaging (MRI), and bioelectrical impedance analysis (23) . These methods have been proven expensive and in some cases inaccurate, especially in patients with dehydration or edema (23) , but also because fat infiltration in muscle may cause overestimation of muscle mass (23, 24) . A strength of this study is that a large number of stable RTR were included. Another strength of our study is that there was no loss to follow-up.
In conclusion, adjustment for muscle mass, as determined by UCE, seems to uncover an adverse association of high fat mass, for which BMI became a better measure after adjustment for UCE, with both graft failure and mortality. These findings may provide new insight in what we now know as the obesity paradox and may provide an additional potential explanation for the absence of increased risk associated with obesity as previously observed.
